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2( $\mathrm{H}\mathrm{i}\mathrm{t}\circ \mathrm{s}\mathrm{h}\mathrm{i}$ FURUHATA) \dagger
( ) [2] “$\mathbb{R}^{4}$
” . [2] -
.
, , Nomizu-Sasaki [4] 2
.
, .
$M$ 2 , $\mathbb{R}^{4}:=(\mathbb{R}^{4}, D, \mathrm{D}\mathrm{e}\mathrm{t})$ 4
.
, , .
$\mathbb{R}^{4}$ $\mathbb{R}^{4}$ $T_{p}\mathbb{R}^{4}$ - ,
:
$\mathbb{R}^{4}\ni p={}^{t}(p^{1}, \ldots, p^{4})-\rangle\sum^{4}p^{i}i=1(\frac{\partial}{\partial x^{i}})_{p}\in\tau_{P}\mathbb{R}^{4}$ .
$f$ : $Marrow \mathbb{R}^{4}$ 2 , $f^{-1}T\mathbb{R}^{4}$ $D$
$D$ .
1. 2 $f1,$ $f_{2}$ : $Marrow \mathbb{R}^{4}$ (congruent) ,
$A\in SL(4;\mathbb{R})$ $f_{2}=Af1$ .
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2. 2 $f$ : $Marrow \mathbb{R}^{4}$
(centroaffine immersion) , (1), (4) $f$
$\mathbb{R}^{4}$ $\xi\in\Gamma(f^{-1}\tau_{\mathbb{R}^{4}})=C^{\infty}(M, \mathbb{R}4)$ (
) .
1. $x\in M$
(1) $T_{f(x)}\mathbb{R}^{4}=f*\tau M\oplus x\mathbb{R}\xi x\oplus \mathbb{R}f(x)$
.
2. $X,$ $Y,$ $X_{j}\in\Gamma(TM)$
(2)
(3) $\theta(X_{1},x_{2}):=\mathrm{D}\mathrm{e}\mathrm{t}(f_{*}x1, f*x2, \xi, f)$
$M$ , $\nabla$ , $(0,2)$
$h$ ( ) $T,$ $(1,1)$ $S$













, $\omega_{h}$ $h$ .
, $f$ , (i) $\xi$ – , (ii)
(1) (4) 1 $\xi_{0}\in\Gamma(f-1\tau_{\mathbb{R}^{4}})$ ,
$\xi$ ,
.
, (4) $\nabla\theta=0$ $\tau=0$ , $\theta=\omega_{h}$ $|\det_{\theta}h|=1$ ,
. , $\det_{\theta}h$ $\theta(e_{1}, e_{2})=1$
$\{e_{1}, e_{2}\}$ $l\tau$ .
, $\mathbb{R}_{4}=((\mathbb{R}^{4})^{*}, D^{*}, \mathrm{D}\mathrm{e}\mathrm{t}^{*})$ $\mathbb{R}^{4}$ .
$f=(f, \xi)$ : $Marrow \mathbb{R}^{4}$ , $f^{*}$ : $Marrow \mathbb{R}_{4}$
29
: $x\in M$ $X\in T_{x}M$
$f^{*}(x)(f*X)=0$ , $f^{*}(_{X})(\xi(x))=1$ , $f^{*}(x)(f(_{X}))=0$ .
, $f^{*}$ $\mathbb{R}_{4}$ ,
$f$ (dual immersion) .
$f^{*}$ $\xi^{*}$ :
$\xi^{*}(x)(f*X)=0$ , $\xi^{*}(x)(\xi(_{X}))=0$ , $\xi^{*}(x)(f(x))=1$ .
, $f$ $f^{*}$ $h$ ,
$((f^{*})_{*}X)(f*Y)=-l_{l(X},Y)$
.
3. $f$ : $Marrow \mathbb{R}^{4}$
, , $L:\mathbb{R}^{4}arrow \mathbb{R}_{4}$
$f^{*}=Lf$ , $f$ (self-dual) .
4. $\phi$ : $\mathbb{R}^{2}arrow \mathbb{R}^{4}$
$\phi_{0:}\mathbb{R}^{2}arrow \mathbb{R}^{4}$ . ,
.
(5) $\emptyset(u^{12}, u):=\frac{1}{\sqrt{2}}$ ,
(6) $\emptyset \mathrm{o}(u, u12):=\frac{1}{\sqrt{2}}$ .
5. $f$ : $Marrow \mathbb{R}^{4}$
$H:= \frac{1}{2}\mathrm{t}\mathrm{r}S$
(affine mean curvature) ,
, $f$ (minimal) .
30
, , ,
$\mathbb{R}^{2}\supset M\ni u=(u^{1}, u^{2})-\rangle f(u)={}^{t}(u^{1}, u^{2}, \varphi(u), \psi(u))\in \mathbb{R}^{4}$
, $f$ $\varphi,$ $\psi$
.
6. $f$ : $Marrow \mathbb{R}^{4}$
$H=- \frac{1}{4}|\det_{\theta}\mathrm{o}\text{ }0|1/4\{|\det_{\theta^{0}}\text{ }0|1/4\triangle_{h^{0}}|\det_{\theta^{0}}h0|-1/40-S^{0}+\mathrm{t}\mathrm{r}h^{0}T\mathrm{t}\mathrm{r}\}$
, :
$\theta^{0_{:=}}(\psi-\sum_{\iota=1}^{2}u^{l1_{\wedge}}\partial_{\iota}\psi)dudu^{2}$,





, $\triangle_{h^{0}}$ 0 .
,
:
7. $f$ : $Marrow \mathbb{R}^{4}$ ,
, $F:M\cross(-\epsilon, \epsilon)arrow \mathbb{R}^{4}$






, [6] 2 ,
.





$(\nabla, h)$ , :
$\sigma:=\mathrm{t}\mathrm{r}_{h}\mathrm{R}\mathrm{i}\mathrm{C}^{\nabla}$ .
, $\mathrm{R}\mathrm{i}\mathrm{c}^{\nabla}(Y, Z):=\mathrm{t}\mathrm{r}\{X[]arrow R^{\nabla}(X,Y)Z\},$ $R^{\nabla}$ $\nabla$
. $R^{\nabla}$ Ric , $\nabla$
.
( $\nabla$ , ) $f$
( , $f$ , Mat-
suzoe [3] ). $R(X,Y)Z=h(Y, Z)sx-h(X, Z)SY-$
$T(Y, Z)x+T(x, Z)Y$ ,
$\mathrm{R}\mathrm{i}\mathrm{c}^{\nabla}(Y, z)=h(Y, z)2H-h(SY, Z)-T(Y, Z)$
:
8. $f$ : $Marrow \mathbb{R}^{4}$






9. 2 1 $l^{\mathrm{J},l\ovalbox{\tt\small REJECT}}$ ,
$f(u^{1}, u^{2}):=e\mu(u^{1})+\nu(u^{2})\phi \mathrm{o}(u, u)12$
. ,
. , $\emptyset 0$ (6)
.
10. 2 1 $\mu,$ $l^{\ovalbox{\tt\small REJECT}}$ ,




. , $\emptyset 0$ (6) .
11, 12 :
11.
$f$ : $Marrow \mathbb{R}^{4}$ , $\omega$ $f=e^{\omega}\phi_{0}$ .









13. $f_{0}$ : $Marrow \mathbb{R}^{4}$ , $h^{0}$
, $H^{0}$ . $f:=e^{\varphi}f\mathrm{o}$ : $Marrow \mathbb{R}^{4}$
$H$ :
$H=e-2\varphi H^{0_{-\frac{1}{2}e\triangle}}-2\varphi h^{0\varphi}$ .
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